Introduction
Nasopharyngeal carcinoma (NPC) occurs at a high incidence rate in Southern China, especially in Hong Kong and Guangdong. 1 NPC exhibits high radiosensitivity, and radiotherapy (RT) is the primary and most effective treatment for pathologically confirmed NPC. Intensity-modulated radiation therapy (IMRT) has significantly improved local control and lowered radiation-induced toxicities compared with two-dimensional RT. 2, 3 A series of phase III clinical trials have established chemoradiotherapy as the standard treatment for locoregionally advanced NPC (LA-NPC) because it improves disease control and survival.
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However, whether the addition of induction chemotherapy (IC) would improve survival in LA-NPC patients remains controversial. Differing results have been found in several trials. [11] [12] [13] [14] Hui et al 14 showed that overall survival (OS) improved by adding IC (94.1% vs 67.7%, P=0.012), whereas 3-year progression-free survival (PFS) did not significantly improve (P=0.12). Fountzilas et al 12 and Tan et al 11 reported no significant survival benefit in LA-NPC patients treated with IC. Sun et al 13 recently published a phase III study showing that treatment with IC in LA-NPC patients (except T3-4N0) significantly improved 3-year failure-free survival, OS, and distant failure-free survival. Our recent retrospective study 15 showed that the addition of IC significantly improved 5-year OS (P=0.022) and 5-year distant metastasis-free survival (DMFS; P=0.018) in stage IVa-b NPC patients treated with IMRT.
IC may be associated with high incidences of hematological acute toxicity and could affect chemoradiotherapy. A previous study showed that IC exhibited grade 3 and 4 toxicities, including leukopenia (P=0.046), neutropenia (P=0.029), and thrombocytopenia (P,0.001). 11 Therefore, IC may not improve survival benefits but increase hematological acute toxicity in low-risk stage III NPC patients. In order to assess the benefit of IC, we retrospectively analyzed stage T3N0-1 NPC patients treated with IMRT plus concurrent chemotherapy (CC) with or without IC. The propensity score matching (PSM) method was used to mimic randomized trials to reduce potential bias.
16,17
Materials and methods Patients
A total of 687 patients with stage T3N0-1 NPC treated with IMRT plus CC with or without IC were retrospectively examined in our institution between January 19, 2005 , and December 27, 2012. Before treatment, a complete history of each patient was noted. Clinical examinations of the head and neck, hematological studies and biochemical profiles, pretreatment plasma Epstein-Barr virus deoxyribonucleic acid (pre-EBV DNA) level, fiberoptic nasopharyngoscopy with biopsy, magnetic resonance imaging (MRI) of the nasopharynx and neck, chest radiography, abdominal sonography, and a whole body bone scan using single photon emission computed tomography (CT) or positron emission CT were performed for each patient. Plasma EBV DNA level was measured by using real-time quantitative polymerase chain reaction as previously described. 18, 19 All the patients were restaged according to the seventh edition of the International Union against Cancer/American Joint Committee on Cancer staging system for NPC. 20 This study was approved by the Institutional Review Board of Sun Yat-Sen University Cancer Center. The requirement for written consent was waived as this is a retrospective study; however, oral consent was obtained via telephone.
Treatment radiation therapy
All the patients were treated using one daily fraction of IMRT for 5 days per week at our institution. Gross tumor volume (GTV) included the nasopharynx GTV (GTVnx) and the cervical lymph nodes GTV (GTVnd). High-risk clinical target volume (CTV-1) was defined as the GTVnx plus a 5-10 mm margin (2-3 mm posteriorly) to encompass the high-risk area and the whole nasopharynx, and low-risk clinical target volume (CTV-2) was defined as the CTV-1 plus a 5-10 mm margin (2-3 mm posteriorly) to encompass the low-risk area including parapharyngeal space, posterior parts of the nasal cavity, retropharyngeal nodal regions, clivus, pterygoid fossae, sphenoid sinus, pterygopalatine fossae, and the selective neck area. The prescribed doses were as follows: 66-72 Gy to the GTVnx, 60-68 Gy to the GTVnd, $60 Gy to the (CTV-1), and 54-56 Gy to the CTV-2 for .30-33 fractions. 
Follow-up
Patient follow-up was calculated from the first day of therapy to either the day of death or the last day of examination. The patients underwent physical examination, plasma EBV DNA level, endoscopy, MRI scans, chest radiography, abdominal sonography, and whole body bone scan every 3-6 months during the first 3 years and every 6-12 months thereafter until death. OS, locoregional relapse-free survival (LRFS), DMFS, and PFS were analyzed as end points, and these end points were measured from the date of the first therapy to the date of death, first locoregional relapse, distant metastasis, disease progression (locoregional relapse or distant metastasis), or
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Outcomes of addition of chemotherapy to concurrent chemoradiotherapy the date of the last follow-up visit. Patients not having recent examination records were followed-up via telephone calls. statistical analysis SPSS version 22.0 (IBM Corporation, Armonk, NY, USA) was used for statistical analyses. We used the PSM method to match the patients between the two groups (IC plus CC and CC) at the ratio of 1:1 based on propensity scores. The scores were computed by using logistic regression based on the following covariates: gender, age, World Health Organization (WHO) pathological types (types I + II and III), smoking history, NPC family history, pre-EBV DNA, chemotherapy strategy (IC plus CC and CC), and N category (ie, N0 and N1). The balance of the covariates between the two groups was examined by using independent-samples t-test (continuous variable), χ 2 test, or Fisher's exact test (categorical variable). A cutoff of 4,000 copies/mL of pre-EBV DNA was used to define low versus high levels because this threshold has previously been shown to be a good prognostic factor. 21 The χ 2 test or Fisher's exact test was used to compare the patient characteristics. Survival rates were estimated by using the Kaplan-Meier method, and differences were compared by using the log-rank test. Multivariate analyses were performed by using the Cox proportional hazards model to calculate hazard ratios (HRs) and 95% CIs and to identify significant independent prognostic factors. In the multivariate analyses, the following parameters were included in the model as covariates for each analysis: gender, age (#50 vs .50 years), WHO pathological types (types I + II and III), smoking history, NPC family history, N category (N0 and N1), pre-EBV DNA (#4,000 vs .4,000 copies/mL), and chemotherapy strategy (IC plus CC and CC). Two-tailed P-values ,0.05 were considered statistically significant.
Results
Patient characteristics
Before PSM, we compared the characteristics of all the 687 patients between two groups. The analysis showed that age, pre-EBV DNA, and N category were not balanced between the two groups (P=0.031, P,0.001, and P,0.001, respectively). In order to balance the characteristics and reduce potential bias, we selected 237 patient pairs from 687 T3N0-1 NPC patients by using PSM method. In the PSM cohort, the median age of patients was 44 years (range =21-70 years), including 330 men and 144 women with a ratio of 2.29:1. No significant differences were found in gender, age, pathology type, smoking, NPC family history, pre-EBV DNA, and N category between the IC plus CC group and the CC group (Table 1) .
Patterns of treatment failure
The median follow-up time was 49.4 months (range =1. 4 Table 2 shows the summary of treatment failure.
Prognostic value of ic
The 4-year OS, LRFS, DMFS, and PFS for the patient population were 92.1%, 94.7%, 93.9%, and 89.2%, respectively. Table 3 shows the summary of univariate analysis of prognostic factors, including gender, age, pathological type, smoking, NPC family history, pre-EBV DNA, chemotherapy strategy, and N category. Among these factors, gender, age, pathological type, smoking, NPC family history, and N category were not significantly associated with 4-year OS, LRFS, DMFS, and PFS. Patients with lower pre-EBV DNA (,4,000 copies/mL) demonstrated a significant improvement in 4-year DMFS (95.5% vs 91.6%, P=0.044) compared with those with higher EBV DNA ($4,000 copies/ mL). However, we did not detect a significant difference in pre-EBV DNA in 4-year OS, LRFS, and PFS rates. Patients treated with IC plus CC and CC alone resulted in similar 4-year OS (91.7% vs 92.6%, P=0.794; Figure 1A ), 4-year LRFS (92.7% vs 96.8%, P=0.138; Figure 1B ), 4-year DMFS (93.5% vs 94.3%, P=0.582; Figure 1C ), and 4-year PFS (87.5% vs 91.1%, P=0.223; Figure 1D ). Although there were no significant differences in survival improvement between the two groups, CC group was numerically superior to the IC plus CC group.
Multivariate analysis was performed to adjust for various prognostic factors. The factors were included as covariates in accordance with univariate analysis ( 
grade 3-4 hematological toxicities
In the IC plus CC treatment group, 82 patients experienced grade 3-4 leucopenia, and 97 patients experienced grade 3-4 neutropenia. IC plus CC treatment significantly increased the incidence of grade 3-4 leucopenia (P,0.001) and neutropenia (P,0.001) compared with CC treatment. The rates of grade 3-4 anemia and thrombocytopenia exhibited no significant difference in either treatment group (Table 5) .
Discussion
Previous phase II/III clinical trials showed conflicting outcomes when IC was added to concurrent chemoradiotherapy (CCRT) in LA-NPC patients. 14 When stage T3-4N0 NPC patients were excluded to enhance the power for survival, the trial showed a significant improvement in 3-year PFS (P=0.034), OS (P=0.029), and DMFS (P=0.031) in LA-NPC patients. 13 OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com
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Outcomes of addition of chemotherapy to concurrent chemoradiotherapy Therefore, no published study exists which assesses the effect of IC in stage T3N0-1 patients, which could be defined as low-risk LA-NPC because of low T and N categories. Therefore, our retrospective study is the first to analyze IC plus CC treatment and CC treatment alone in stage T3N0-1 NPC patients treated with IMRT.
As it is a propensity-matched study, the groups were shown to be well matched for prognostic factors. Other than exploring conventional prognostic factors (ie, gender, age, WHO pathological type, chemotherapy strategy, and N category), we also considered some carcinogenic factors, including smoking history and family history of NPC. Our previous study 22 revealed that pretreatment of cigarette smoking was a negative prognostic factor of death, locoregional recurrence, distant metastasis, and disease progression. Guo et al 23 reported that the ever-smokers suffered a higher risk of locoregional disease recurrence compared with neversmokers in LA-NPC patients. Ouyang et al 24 published that patients who had a first-degree family history of NPC had higher rates of OS and DMFS than those without a family history. However, smoking history and family history of NPC were not associated with survival in both univariate analysis and adjusted multivariate analysis. Plasma EBV DNA has been proven a prognostic biomarker in several studies. [25] [26] [27] Leung et al 28 demonstrated that high levels of EBV DNA pretreatment were associated with the incidence of distant metastasis. Moreover, pre-EBV DNA has been reported a prognostic factor using a cutoff of 4,000 copies/mL to define low versus high levels. 21 Our results showed an increased risk of distant metastasis in patients with high EBV DNA ($4,000 copies/mL) compared with those with low EBV DNA (,4,000 copies/mL), whereas there was no significant difference in 4-year OS, LRFS, and PFS.
Chemoradiotherapy is the standard treatment for LA-NPC. Chemoradiotherapy has been shown to significantly improve patient survival in several phase III randomized clinical trials. [4] [5] [6] [7] [8] [9] [10] For patients with bulky and/or extensive nodal disease (N2-3), there is higher potential for metastasis; CC is not adequate. 29, 30 Moreover, T4-classified tumors are considered to result in a poor prognosis. 31 Consequently, N2-3 and/or T4 patients can be defined as a high-risk group of LA-NPC; therefore, IC is needed to reduce metastasis and improve survival. Xu et al 32 demonstrated that CCRT achieved higher 3-year DMFS rates (94.9% vs 80.1%, P=0.03) in N0-1 LA-NPC patients, but not in N2-3 tumors. In the present study, we chose stage T3N0-1 NPC patients 
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Outcomes of addition of chemotherapy to concurrent chemoradiotherapy treated with IMRT as a low-risk group to assess the value of IC. Results showed that IC plus CC did not improve survival compared with CC. However, the results showed that CC group was numerically superior to the IC plus CC group in 4-year OS (92.6% vs 91.7%), 4-year LRFS (96.8% vs 92.7%), DMFS (94.3% vs 93.5%), and PFS (91.1% vs 87.5%). We considered that IC increased hematological acute toxicities and reduced the tolerance of CC, which resulted in poor treatment intensity.
A previous trial showed that IC caused higher rates of grade 3 and 4 hematological toxicities, including leukopenia (52% vs 37%, P=0.046), neutropenia (24% vs 12%, P=0.029), and thrombocytopenia (14% vs 0%, P,0.01) compared with the chemoradiotherapy group in LA-NPC patients. 11 Our study showed that IC did not improve survival benefits and increased hematological acute toxicities. The IC group experienced a significantly higher incidence of grade 3-4 leucopenia (34.6% vs 16%, P,0.001) and neutropenia (40.9% vs 5.9%, P,0.001). These hematological toxicities may compromise the delivery of subsequent CC with dose reduction.
The present study had several limitations. First, our study is a single institutional retrospective study in an endemic area; therefore, a selection bias existed. Second, although all the patients in the cohort received platinumbased chemotherapy, the regimen and cycles of IC and CC were in disunity. IC included TP, TC, TPF, or PF regimens, whereas CC regimens consisted of cisplatin/nedaplatin, PF, or TP. Furthermore, there was no IMRT dose-fractionation consensus in NPC treatment. Third, only acute hematological toxicities were evaluated. Nonhematological mucositis, vomiting, and late toxicities were not acquired because of the long time interval of the cohort, and some information was missing. Fourth, besides plasma pre-EBV DNA, 33 pretreatment serum lactate dehydrogenase was reported to be associated with distant metastasis, 34 ,35 but we did not include this factor into our analysis. Finally, we assessed only 4-year survival; however, the investigation should be 5 years or longer to evaluate the survival.
Conclusion
IC did not significantly improve survival in stage T3N0-1 NPC patients treated with CC. Furthermore, IC increased the incidence of grade 3-4 hematological toxicities, and it is not recommended for low-risk LA-NPC patients. Further confirmation is warranted in prospective studies. 
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